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EFFECTS OF POLYMER FILLER INTERFACE IMPROVMENTS ON 
MECHANICAL AND PHYSICAL PROPERTIES OF CaCO3 FILLED 
POLYPROPYLENE COMPOSITE  
SUMMARY 
The addition of the fillers or blending with different polymers have created a new 
area called polymeric composites. The most important thing during creating 
polymeric composites with fillers is the polymer-filler interaction. By the increasing 
interaction between the matrix-filler interface most of the mechanical properties can 
be improved. This phenomenon has started to gain importance for the last decades; 
especially on polypropylene composites, because of its low costs and spectacular 
properties. Polypropylene composites have found lots of application areas. In 
polypropylene composites, adding filler decreased the cost of materials but also 
decreased the some mechanical and physical properties of composites such as tensile 
stress and impact resistance, these are basically depended on hydrophobic structure 
of the polypropylene matrix and hydrophilic surface of the filling system. By just 
modifying the composite; which enhances the polymer filler interaction, decreased 
mechanical properties can be improved. 
The aim of this thesis is to investigate the effects of poylpropylene/CaCO3 interface 
improvements on mechanical and physical properties of calcite filled polypropylene 
composite. 40 % Calcite filled homopolymer polypropylene composites were 
prepared in a twin screw co-rotating extruder and by the injection molding tensile, 
impact, flexural test specimens were produced also calcite particles’ distribution 
were investigated by SEM from fracture surface. Produced composite’s mechanical 
and physical properties such as tensile properties, flexural properties, Izod impact 
resistance, density, vicat softening point, hardness and thermal properties were 
examined according to the ISO or ASTM standards. Comparison of filled and neat 
PP test results showed that, by the addition of hydrophilic calcite particles in to the 
hydrophobic PP matrix increased density and modulus value but it drastically 
reduced the tensile and flexural strength caused by incompatible PP/CaCO3 matrix.  
In order to improve PP/CaCO3 interface interactions, maleic anhydride grafted 
polypropylene was chosen. After premixing of MA-g-PP with PP varying from 0,5 to 
5 %, 40% CaCO3 filled polypropylene composites were prepared by the twin screw 
co-rotating extruder and injection molded test specimens were subjected to the 
mechanical and physical test. Test results can explain as; the addition of MA-g-PP 
into the PP/CaCO3 matrix caused the interface interaction as seen in SEM 
micrographs and an improvement in interface interaction so tensile and flexural 
strength values were increased but decreased chain mobility by interface interaction 
decreased the elongation values. Also occurred interface between calcite and PP 
caused an increase in crystallization temperature of composites.  
In the first part thesis consist of a general introduction to polymeric composites. The 
third, fourth and fifth parts of the thesis consist of a literature survey about effects of 
 x 
filler on the polymeric composites, the importance of interface and methods of 
improving adhesion at the interface. Investigated works in the literature focused on 
different filler polymer composites and different methods of improving the interface.  
The sixth part of the thesis explains the experimental work from composite 
production to applied physical and mechanical tests. In the seventh part, test results 
are given; first of all, effects of calcite loading on the mechanical physical properties 
of polypropylene are investigated and after it, compatibilizer added formulations 
tests results in same base formulation are given and investigated in detail.  
  
xi
KALSİYUM KARBONAT DOLGULU POLİPROPİLEN KOMPOZİTLERDE 
ARAYÜZEY ETKİLEŞİMİNDEKİ GELİŞİMİN MEKANİK VE FİZİKSEL 
ÖZELLİKLERE ETKİLERİNİN İNCELENMESİ  
ÖZET 
Dolgu malzemelerinin polimerlere ilavesiyle veya farklı polimerlerin 
karıştırılmasıyla, polimerik kompozitler olarak adlandırılan yeni bir alan gelişmiştir. 
Polimerik kompozit oluşturulurken en önemli etkenlerden birisi olarak polimer dolgu 
etkileşimi kabul edilmektedir. Polimer ile dolgu maddesi arasındaki etkileşimin 
arttırılması ile bazı mekanik özellikler geliştirilebilmektedir. Bu konu son 
dönemlerde özellikle düşük maliyet ve üstün özellikleri nedeniyle birçok alanda 
uygulama bulmakta olan polipropilen kompozitleride önem kazanmaktadır. 
Polipropilen kompozitlerde, dolgu maddesi ilavesiyle maliyet azaltılırken özellikle 
çekme mukavemetinde ve darbe dayanımında bir düşüş gözlenmektedir; buna ana 
neden olarak ise hidrofobik polipropilen ile hidrofilik dolgu yüzeyi arasındaki 
etkileşimin oldukça az olmasıdır. Bu arayüzey deki etkileşimi arttırarak kompozitin 
kötüleşen özellikleri iyileştirilebilir.  
Bu çalışmanın amacı; kalsiyum karbonat dolgulu polipropilen kompozitlerde 
arayüzey etkileşimindeki gelişimin mekanik ve fiziksel özelliklere etkilerinin 
incelenmesidir. Homopolimer Polipropilen ve % 40 kalsiyum karbonat(CaCO3) 
içeren kompozit çift vidalı ekstürüder ile hazırlanmış ve enjeksiyon ile kalıplanarak 
üretilen test numuneleri ile çekme, eğme ve darbe gibi mekanik testler yapılmış, 
SEM incelemesi ile kalsitin yapıdaki dağılımı incelenmiştir, ayrıca fiziksel testler ile 
kalsitin polipropilen üzerindeki etkileri incelenmiştir. Dolgulu ve dolgusuz 
polipropilen için elde edilen test sonuçlarında  modulus ve yoğunluk değerlerinin 
artışının yanında özellikle yapıya kalsitin girmesiyle çekme ve eğme mukavemetinde 
bir düşüş gözlenmiştir. Bunun nedeni olarak ise hodrofobik polipropilen ile hidrofilik 
kalsitin uyumlu bir yapı oluşturmamasıdır.  
Kalsit ile polipropilen arasında uyumlaştırıcı ajan olarak maleik anhidrit aşılanmış 
polipropilen (MA-g-PP) seçilmiştir. MA-g-PP ile homopolimer PP mekanik 
karıştırma işleminden sonra çift vidalı ekstürüder ile farklı oranlarda MA-g-PP içeren 
%40 CaCO3 dolgulu polipropilen kompozitler üretilmiş ve enjeksiyon işlemi sonrası 
mekanik ve fizikseller özellikleri incelenmiştir. Elde edilen test sonuçlarında yapıya 
ilave edilen MA-g-PP ile kompozitin uzama değerindeki azalmanın yanında çekme 
ve eğme mukavemetinde artış gözlenmiş olup bu artışın nedeni olarak ile SEM 
incelemesinde ise kalsit partiküllerinin yüzeyi ile polipropilen arasında bir arayüzey 
oluştuğu gözlenmiştir. Ayrıca oluşan arayüzey etkileşiminden dolayı kompozitin 
kristallenme sıcaklığında bir artış gözlemlenmiştir.  
Çalışmanın ilk bölümünde polimerik kompozitler ile ilgili genel bir bilgi 
verilmektedir. Tez çalışmasının 3.,4. ve 5. bölümlerinde ise sırasıyla; dolgu 
maddelerinin polimerlere etkileri, arayüzeyin önemi ve arayüzey etkileşimini 
geliştirme yöntemleri değinilmektedir. Çalışma öncesinde araştırılan kaynaklar, 
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farklı dolgu maddelerinin polimer üzerindeki etkileri ve farklı arayüzey geliştirme 
yöntemlerini incelemişlerdir.  
Çalışmanın 6. kısmında ise tez sürecinde uygulanan ve kompozit üretiminden test 
aşamalarına kadar uygulanan deneysel prosedürlere değinilmiştir. 7. bölümde ise 
öncelikle kalsitin ilavesinin polipropilenin özelliklerine etkileri incelenmiş ve daha 
sonra ise belirli oranda kalsit içeren polipropilen kompozite farklı oranlarda arayüzey 














































Polymers are known as a material consisting of small repeating structural units; 
called mer, combined to give a very large, linear structure. Organic polymeric 
materials, whose nature is based on nature such as building blocks of animal 
proteins and plants. Wood is typical example of organic polymers, which is 
composed of chains of cellulose [1]. Polymeric materials; have been focused on for 
the last century. The first synthetically created polymer was a phenol-formaldehyde, 
under the name “Bakelite”, by Leo Baekeland in 1909[2]. It was developed to use 
instead of billiard balls. Rayon was the first developed synthetic fiber as a 
replacement for silk in 1911[2]. During the World War II, scarcity of the materials 
increased the polymeric materials development and polymeric materials started to 
replace other materials such as nylon replaced silk, vinyl replaced leathers etc...[1].     
After the World War II, increased technology of polymeric materials; because of 
having low cost, low density, easiness of processing and wide range of unique 
properties, have directed them to find many of new applications and replaced 
conventional structural materials such as metals, woods and ceramics. In some cases 
polymeric materials couldn’t reply the needed properties and so; increase in 
application areas of the polymeric materials have lead new research topics and 
gained speed the developments of the polymeric materials and its composites with 
the addition of fillers such as talc, mica, calcite, fibers etc…[3].  
With the addition of the fillers or blending with different polymers have created a 
new area called polymeric composites. A composite describes as “a heterogeneous 
substance consisting of two or more materials, which does not lose the 
characteristics of each component,”. New desirable (combination of) properties is 
brought by combination of polymeric materials. Tendon, bone, bamboo, rock, and 
many other biological and geological materials are mostly known as naturally 
occurred composites [3]. Synthetically created polymeric composites are produced 
to improve properties or to reduce costs. 
Growing up of the use of polymer matrix composites continue increasingly and find 
new using areas and replaces other materials in various applications, because of 
 2 
unique properties of polymeric matrix composites. Different fillers and different 
filler loadings show totally different effects on polymeric composites and its 
properties [4-10]. The effects of filler on the composite properties depend on the 
particle shape, particle size, volume fraction in the matrix and compatibility with 
matrix. Composites with high strength fillers such as glass fibers usually have 
strength to weight ratios that exceed better values compared to metals and their 
alloys [9]. This property makes polymer matrix composites ideal for structural 
applications. Usually the researches in the structural area have concentrated on 
thermosetting matrices such as epoxy and unsaturated polyesters. The researches in 
thermoplastic composites is a still growing area because of the processing and cost 
advantages especially on polymers known as commodity plastics such as 
polypropylene and polyethylene. The most important thing during creating 
polymeric composites with fillers is the polymer-filler interaction/interface. By the 
increasing interaction between the matrix-filler interface most of the mechanical 
properties can be improved [10]. 
This phenomenon has started to gain importance for the last decades; especially on 
polypropylene composites, because of its low costs and spectacular properties. 
Polypropylene composites have found lots of application areas. In polypropylene 
composites, adding filler decreased the cost of materials but also decreased the some 
mechanical and physical properties of composites such as tensile stress and impact 
resistance, these are basically depended on hydrophobic structure of the 
polypropylene matrix and hydrophilic surface of the filling system [11-12]. By just 
modifying the composite; which enhances the polymer filler interaction, decreased 














2. OBJECTIVE OF STUDY 
Nowadays, polypropylene is most used polymer in industry also in daily life. 
Increased usage of polypropylene and its composites are  based on its low density, 
low price and also good mechanical and chemical properties when compared to its 
price. As it is known, in some cases polypropylene could not reply desired 
properties such as density and modulus values but by the composite technology this 
properties can be modified also decrease the price. For this purpose calcite, which is 
a calcium salt, inorganic material having very low price, can be add to the 
polypropylene matrix, it would increase the density and modulus value and also the 
overall price depending on loading ratio but it would decrease tensile modulus 
drastically because of lack of interface interaction. Interfaces can be modified with 
different method as described in section 5., but an other important point is the define 
optimum interface interactions. 
The aim of this work is the investigate the effects of CaCO3 on polypropylene and 
effects of poylpropylene/CaCO3 interface improvements on mechanical and physical 
properties of calcite filled polypropylene composite by modifying the interface 
interaction with addition of maleic anhydride grafted polypropylene in to the 


















3. PARTCILE FILLED OR REINFORCED POLYMER COMPOSITES 
Increase in the use of polymeric materials is growing up day after day but high 
prices of petroleum products, competiting marketing conditions and developments 
in the materials science; especially on polymeric materials, have lead the engineers 
and researchers to find new methods of synthesis of polymeric materials, polymeric 
blends and polymeric composites. Especially polymeric composites have started 
gain importance for the last decades because of combining two different properties 
of materials or decreasing the cost.  
In order to lower cost or to enhance properties; polymeric materials started to fill 
with inorganic or organic materials and the most important reason of adding filler in 
a polymeric matrix was the cost reduction [13]. In ASTMD1566-95a filler is 
described as “A solid compounding material, usually in a finely divided form, which 
may be added in relatively large proportions to a polymer for technical or economic 
reasons”[14]. Filling polymeric matrices with a filler has given a lot of advantages 
but also it has drawbacks. After researches on polymeric materials filled with 
different fillers it was realized that each filler has different effects on the polymeric 
matrices, so it lead the researchers to identify filler properties which allow different 
fillers to be compared and evaluated. 
3.1. Filler Characteristics 
To identify fillers researchers has divided them into groups according to their; 
• Physical state: solid or predispersed state 
• Chemical composition: inorganic or organic 
• Particle shape: Spherical, cubical, irregular, block, plate, flake, fiber, 
mixtures of different shapes 
• Particle size: Range from a few nanometers to tens of millimeters 
• Aspect ratio (length/width): 1 (spherical or cubical) to 1,600 (fibers) 
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• Particle size distribution: Monodisperse, designed mixture of sizes, 
Gaussian distribution, irregular distribution 
• Particle internal structure: Hollow to porous to void free solid 
• Particle-particle association: Singular, agglomerates, aggregates, 
flocculated materials 
• Density: From 0.03 g/cm3 (expanded polymer beads) to 18.88 g/cm3 
(gold) 
• Refractive index: Typical range from 1 (air) to 3.2 (iron oxide) 
• Color: Full range of colors from colorless and transparent, with 
increasing opacity through white to black 
• Oil absorption: From a few grams to over 1000 g/100 g of filler 
• Thermal properties: Thermal expansion coefficient and thermal 
conductivities vary widely 
• Electric and magnetic properties: Wide variations are possible between 
non-conductive and conductive and between magnetic and non-magnetic 
Properties given above and other properties of fillers have been used to describe 
individual products. For a successful filler application, researchers must take into 
consider the most important properties of fillers which affect the resultant material 
properties. The eight most important are; 
• Particle size and distribution 
• Aspect ratio 
• Chemical composition of surface 
• Mechanical properties of filler particles 
• Electric and thermal conductivity 
• Quantitative description of interactions 
• Composition of admixtures 
• Optical properties 
 6 
3.2. Theories of the Action of Fillers and Reinforcements 
With the increase of the knowledge about polymeric composites and effects of the 
filler on polymeric materials properties, filler and reinforcing materials have been 
started to use for modify a desired properties of polymers such as Young Modulus, 
density, fire retardancy etc…  Some researchers have tried to formulate these effects 
of fillers [15]. 
The effect of filler density on the density of filled product (dc) can be closely 
approximated by the additive rule. Final products density depends on the filler 
density (df) and volume fraction of filler (Vf) as given the formulation below;  
fffpc VdVdd ** )1( +−=
                                    (3.1.) 
 This formulation is acceptable to the critical concentration of filler, because till the 
critical concentration filler particles are covered by polymeric matrices but after it 
there is not enough polymer to cover surface so free volume in the composite 
increase and composites density decreases [16]. 
 
Figure 3.1. Polymer density vs. volume fraction of filler. [16] 
The general possibility in filled systems; fillers increase the hardness of the 
polymeric composite such as in highly silica flour filled systems hardness of 
composite reaches the silica’s hardness. Depending on the particle size and 
interaction, even soft materials such as graphite may either increase or decrease the 
hardness of a polymer [17]. 
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Figure 3.2. Hardness of composite vs. graphite concentration and type. Left -PA-66, 
right - PP.[17] 
Viscosity of polymeric materials with the addition filler increases depending on 
maximum packing factor, which is containing the filler particle size, distribution and 
loading ratio. As shown in the Figure 3.3. with the addition of calcium carbonate 
into polypropylene viscosity is increasing but by coating the calcite particles with 
stearic acid the increase in viscosity is decreased [18]. For the last decades at low 
loadings and very small particle size like nanometer the filler may act as a lubricant 
and increase the flow behavior of melted polymer is proved [19].   
 
Figure 3.3. Relative melt viscosity vs. fraction of calcium carbonate in LDPE. [18] 
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Between the mechanical tests tensile strength testing is the mostly used on for filled 
materials. The most general equation is describes the effect of volume fraction of 
filler ( fφ ) on the tensile strength of composite (σ c) [17]: 
                              
)1(* dfbfpc ca φφσσ +−=                                   (3.2.) 
In order to predict if tensile strength of the composite increases or decreases as the 
volume fraction of the filler increase, the values of these coefficients (a,b,c,d) must 
be know. These constants are selected to describe certain features of the filler's 
behavior such as, constant “a” is usually related to stress concentration, constants 
“c” and “d” are related to the effect of particle size. The constant “b” is usually 
assigned the arbitrary value of 0.67. In case of smaller the particle size, the values of 
these constants are increasing [17]. To explain experimental data many 
modifications of the above equation or its parameters (constants) are used. 
For low volume fraction of filler, the Einstein equation (equation 3.3) usually fits 
experimental data: 
)1(* bfpc a φσσ +=                                             (3.3.) 
In the equation, b = 1 for spherical particles and “a” depends on the adhesion 
between the matrix and the filler The Einstein equation predicts the addition of filler 
increases tensile strength but it is not acceptable for all case; so other researchers 
such as Nicolais and Narkis modified the equation [20] . 
The Nicolais and Narkis equation (equation 3.4.) is a common modified the Einstain 













                                  (3.4.) 
In this equation, to characterize the interaction between filler and polymer,  
parameter “B” is used.[20] Also some other researchers developed equations. One 
of the is Piggot and Leinder[21] equation: 
fpc χφλσσ −=










Strength Note Ref. 
Alumino-




 PE 2 - 25 % 
+ 10 % or + 50 
% phosphate modified 23 
CaCO3 
PE 2 - 25 % 
- 10 % or - 50 
% not modified 23 
 
PP 5 - 30 % 




epoxy 10 - 40 % - 25% or -60% no adhesion 25 
epoxy 10 - 40 % no effect good adhesion 25 
Glass beads 
PP 10 - 50 % 
- 11 % or - 45 
% 
debonding stress; no 
treatment 28 
Nanaoparticle epoxy 2 - 24 % 
+ 60 % or + 
180 % 
montmorillonite; 
layered composite 26 
Fumed Silica PDMS 30 - 50 % 
+ 5 % or + 40 
% 
increases as particle 
size decreases 27 
Talc PP 5 - 30 % 0% or + 80% 
depending on 
phosphate coating 29 
Glass fiber 
PP 30%  + 50 % 
depending on aspect 
ratio 30 
 
PP 30%  + 90 %   31 
 
PA66 30%  + 100 % 30 
 
PSU 30%  + 67 % 
elongation reduced 
 surface treated 30 
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As shown the data in the Table 3.1. tensile strength of a filled materials are strongly 
affected by; 
• Particle size: small particles which typically contribute to an increase in 
tensile strength for example; nanoparticles and fumed silica  
• Particle shape: higher aspect ratio fillers can improve tensile properties. 
• Interaction with the matrix: with the surface modification tensile properties 
can improved such as untreated calcium carbonate in PE decreases tensile 
strength but after phosphate modification tensile strength is increased 
• Concentration: the relationship between tensile strength and concentration is 
not a linear function; after critical concentration, a further increase in filler's 
concentration decreases tensile strength 
• Proper choice of pair filler-matrix: there should be interaction between the 
filler and the matrix; some combinations produce adverse results for 
instance; in alumino-silicate with PVAc increased interaction reduces tensile 
strength due to increasing material stiffness 
Composite materials stiffness is measured by the modulus. Fillers cause a significant 
increase in stiffness. Simple Einstein equation is available to predict composites 
modulus, at high filler concentrations the change of elastic modulus deviates from 
that predicted by the Einstein’s viscosity equation modified by Guth and Gold 
predicts [32]; 
)1,145,21( 20 φφ ++= EE
                         (3.6.) 
Gingrich  et al, worked on the effect of volume fraction of different fillers on Young 




Figure 3.4. Flexural modulus of polyketone with different fillers.[33] 
As a result of these Modulus value of composite depends on; 
• Particle modulus 
• Particle shape 
• Particle size 
• Aspect ratio 
• Concentration 
 
Figure 3.5. Flexural strength of POM versus volume fraction of glass beads and 
glass fibers. [34] 
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Flexural strength is affected by almost same parameters like Modulus but most 
important one is aspect ratio of fillers as shown in the Figure 3.5. which is a 
summary of Hashemi et al’s work. 
 Elongation is usually inversely proportional to tensile strength which means that 
increasing the tensile strength of filled material usually contributes to a decrease in 
elongation [17] but at low concentration and small\nano particle size fillers can 
increase elongation by acting as a internal lubricant [19] 
Impact properties of composites strongly affected by; 
• Particle size (in many cases a certain range of particle size substantially 
increases impact strength) 
• Particle shape: fiber like fillers using improves the impact properties because 
of aspect ratio is the most important parameter 
• Particle rigidity: hollow particles and fillers having  low hardness 
substantially decrease the impact strength)  
• Interaction with the matrix: in case of not interacting with the matrice crack 
growth will grow on the filler surface 
• Concentration has a mixed influence: in fillers used to improve impact 
strength, increased concentration increases impact strength till the maximum 
packing value 
• Nucleation: in case of acting as a nucleator fillers contribute to changes of 
crystallinity which increases impact strength 
Filler also used to improve thermal properties of polymeric composites such as 
deflection temperature as given in the Table 3.2. but in amorphous polymer filler are 
not able to decrease the polymer chain movements so deflation temperature values 







Table 3.2: Effect of filllers on the HDT value of polymers 
Polymer Filler 
Amount 
weight % HDT C Ref. 
- 0 172 
ABS glass fiber 30 358 35 
- 0 172 
PPS glass fiber 30 181 35 
- 0 65 35 
glass fiber 30 148 35 
carbon black 30 130 36 
talc 40 135 37 
PP CaCO3 40 116 37 
Crystalline temperature is very important phenomena for industrial application 
because of affecting the processing time and so affecting the overall cost of part 
produced. In case of filler containing polymeric matrices crystallization temperature, 
crystallization rate and also sphelerute size is strongly affected. These basically 
depend on; 
• Particle size and shape: at low concentrations and plate like filler are using 
instead of nucleating agents 
• Functional groups on the filler surface: talc like materials acting as a 




Figure 3.6. Crystallization peak temperature vs. volume fraction of filler.[38] 
As seen in the Figure 3.6. at same loading concentrations and particle size talc is 
acting a better nucleating effect on polypropylene because having a higher 





























4. THE INTERFACE IN POLYMERIC COMPOSITES 
4.1. The Importance of The Interface in Polymer Matrix Composites 
One of the most essential-important phenomena in polymeric composites is the 
interface between filler or reinforcing materials and polymer [39]. The interface 
adjusts the composite material’s mechanical resistance [17]; 
• Concentration of mechanical stress as a results of the differences between 
the matrix’s coefficient of thermal expansion and the coefficient of filler 
• Contraction at crosslinking in thermo reactive matrices 
• Crystallization in thermoplastic matrices 
• Interface act as a site for the production of chemical reactions 
When the polymeric composites are face up to a force on it that force is transmitted 
to the filler or reinforcing materials by interface. In case of having poor or none 
interface interaction between filler and polymeric materials, polymeric composites 
mechanical properties are affected in a bad way, actually with poor or none interface 
interaction composites tensile strength are decreased. 
As it explained in the section 3.2. at first stage researchers were able to explain 
tensile properties of the composites with different constants but time after the 
importance of interface is realized and some other researchers20-21 modified the 
basic Neilsen equation and they add special parameters which are describing the 
effects of interface. By the modification of interfacial bond;  
•  interlaminar adhesion  
• delamination resistance 
• tensile strength  
• fatigue resistance  
• corrosion resistance 
The interface in polymeric mixtures and composites; occurs between the two phases 
as a result of thermodynamic incompatibility. This is just because of high surface 
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energy of inorganic reinforcing fibres or particulate fillers, so polymers can not wet 
them and an adequate surface treatment  being necessary [39].  
4.2. Theories Concerning The Adhesion Between the Filler and Polymer 
In order to increase interface interaction polymeric materials or fillers are pretreated. 
This pretreatment mechanism is an important stage for the final composites 
mechanical properties and also that interfacial adhesions should be in an optimum 
value not too much nor less then desired level. 
There are mainly two kind of mechanism which are used the explain adhesion 
between polymer and filler or reinforcing material; mechanical adhesion and 
specific adhesion. 
4.2.1. The Theory of Mechanical Adhesion 
The theory is basically explained as penetration of the adhesive polymeric material 
in the rough surface of filler. This mechanical adhesion can be improved or 
decreased by the pore and the asperities of filler or reinforcing materials. 
 
Figure 4.1. Mechanical Adhesion model a) a Good wetting of surface b) moderate 
wetting of surface [40] 
As seen in the Figure 4.1. this model is acceptable exclusively to rough materials 
such as wood, paper or textiles. If wetting performance of the polymeric materials is 
poor the interaction will be very poor and retained intenerated sites like air bubble, 
they are possible crack growth weak zones[40]. 
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4.2.2. Theories of Specific Adhesion 
In case of mechanical adhesion is not capable or acceptable to explain the adhesion 
between filler and polymeric matrice new theories have born. The theories of 
specific adhesion can explain certain interpenetrating phenomena. 
4.2.2.1. Electrostatic Adhesion 
This theory is proposed by Deriagin and Krotova [41] they observed electrical 
effects while separation through the detachment of reinforcing materials from the 
matrix. Deriagin and Krotova produced electrical discharges and the observed that 
separation energy is 10-1000 times higher than the energy necessity for breaking the 
intermolecular links. In this theory adhesion decreases with the temperature because 
of needed energy depends on the separation rate of the two phases and by a 
reduction in the density of the charges. The electrostatic adhesion can be simulated 
like a condenser; the adhesion energy is equivalent to the mechanical work needed 
for the separation of two sides of a flat condenser [40]. 
4.2.2.2. Chemical Adhesion 
When we consider the high energy corresponding to the chemical links compared to 
low values of physical links, it is obvious that interaction coming from chemical 
links will be stronger than others. Nevertheless proving this type of links is not easy 
as a result of lower number molecules involved. For an example given below in 
Figure 4.2.electrodeposition of a 30% zinc and 70% copper alloy at the surface of a 
rubber compound crosslinked with sulphur. 
Figure 4.2.The Electro Deposition of a 30% zinc and 70% copper alloy at the 
surface of the rubber previously cross linked with sulphur  [40] 
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This type of chemical adhesion are more resistant to water and temperature. As an 
other examples of this theory silane coupled filler or reinforcing materials’ surface 
form a primary bonds with the matrice [42]. With the some modifications, chemical 
adhesion seems to be most valid one. 
4.2.2.3. Adhesion Through Diffusion 
Initially, known as self-adhesion and Voyutski[43] has proposed adhesion through 
diffusion with  defining the adhesion between two identical polymers. When two 
polymeric materials are in a direct contact and they are thermodynamically 
compatible, interdiffusion of the two species. It is possible by the molecular motions 
of polymeric chains but not two low temperatures [17]. 
 
Figure 4.3.Graphical representation of adhesion through diffusion t: time T: 
temperature p: pressure [40] 
As shown in the Figure 4.3. a mutual interdiffusion zone\interface results; which is 
the only one responsible for adhesion. This interdiffusion zone is strongly depends 
on time, temperature and pressure [40]. 
4.2.2.4. Thermodynamic Absorption ( Wetting ) 
 In this theory one or two component must be in liquid state. The existence of a very 
good intimate contact causes Physical or chemical bond formation [40]. A 
thermodynamic adhesion model was proposed by Sharpe and Schonhorn [44] based 
on thermodynamic considerations resulting from Young’s equation and as well as 
from Durpe’s equation. The form of durpe’ equation; 
Durpe’s equation: 
W0 = γA +  γB  - γAB                                                              (4.1.) 
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W0 means thermodynamically reversible adhesion energy, γA means free surface 
energy of compound A, γB means free surface energy of compound B and  γAB 
represents recovered interfacial energy. 
In Young equation, contact angle is estimated and θ measured by drop deposited on 
a solid surface. Young’s equation; 
γS = γSL +  γL cos θ                                              (4.2.) 
γS - free surface energy of solid 
γSL - solid/liquid interfacial energy 
γL - free surface energy of liquid  
θ  - contact angle  
 Including polymer and composite materials, this model of adhesion is able to 






























5. METHODS OF IMPROVING THE ADHESSION AT THE INTERFACE  
In a polymeric composite between the filler and matrix there might be physical 
interaction, chemical interaction or both of them as shown in the Figure 5.1. 
Interactions depend on the nature of polymeric matrices and the nature of filler. 
 
Figure 5.1.Interaction between XNBR rubber and Carbon Black [45] 
There are different methods improving the adhesion between polymer and filler or 
reinforcing materials but one of the most important thing is choosing the right 
method considering nature of polymeric matrices and the nature of filler. 
5.1. Chemical treatment with Low Molecular Weight Compounds 
In this method the surface of inorganic or organic filler is treated with polimerisable 
or non-polimerisable low molecular weight compounds in order to decrease surface 
free energy and so the possibility of wetting is increased. For instance, fatty acid 
treated calcium carbonate through theircarboxylic function to the particle and the 
long organic radical assures a decrease in its superficial energy which is related to 
the amount of treated acid content [46]. 
In order to reduce inflammability or to higher resistance to acids, calcium carbonate 
can be treated with phosphorus-based compounds[40] and also phosphorus 





Figure 5.2.The treatment of glass fibres with phosphate compounds [40] 
Absolutely, silanes are the most frequently used in surface treatment of fillers as a 
coupling agent. There are different mechanisms explaining the silane treatment; 
• In a silane treated glass, adhesion involves crosslinking of silanols on the 
surface, water retained at the surface is substituted, physical adsorption, 
formation of hydrogen bonds with glass 
• The adhesion between silane and polymeric matrix  involves increase 
wetting capability and roughness of surface and it creates a interface which 
transforms the stress from matrix to filler or reinforcing materials. 
 
 
Figure 5.3.Pattern of the compatibilzation action of silane coupling agents [40] 
For the organic filler or reinforcing materials are also using in polymeric composites 
and PS micro balls in polybutadiene matrix is a good example. In this kind of 
systems treatment is a little different such as oxidation with ozone or treatment with 
acids [47]. 
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Also treatments can be done by polimerisable low molecular weight compounds. In 
this case, dispersion degree of filler in a solvent or polymeric matrices is improved. 
One of the well-known example of this kind of treatment is polymerisation of 
acrylamide at the surface of sililca by the help of photochemical initiator cerium 
salt, or vinyl polymer polimersation at the surface of mineral fillers functionalised 
with labile organic groups [48]. In the Figure 5.4. possible introduction of some 
peroxydic groups to the surface of silica. 
 
Figure 5.4.The reaction scheme of introduction of peroxide groups on silica [40] 
Grafting reaction by photopolymerisation can be done to silica, barium sulphate, 
titanium dioxide or glass fibre. Before the introduction of azo groups, filler must 
treated with 2,4-toluenediisocynate(TDI) and after it particles must reacted with 4,4-
azo-bis(4- cyanopentanoic)acid(ACPA) [49]. Introduction of azo groups on silica 
surface is given in Figure 5.5. and grafting is given in Figure 5.6. 
 





Figure 5.6. Grafting of MMA, styrene and NVC on the particle surface [49]. 
Also precipitated silica surface can be modified with organic polymers and with 
polar-non polar copolymers as explained by Waddell et al. This methods is divided 
into four groups; (as shown in the Figure 5.7.) 
• Adsorption of a surfactant 
• Solubilisation of a monomer in the surfactant layer 
• In-situ polymerisation 
• Partial removal of surfactant 
 




 5.2. Treatment of the Filling Material’s Surface with Macromolecular 
Compounds  
Determination of a polymer’s physical interaction with inorganic substrate can be 
done by two major contributions; the van der Waals forces and acid-base interaction 
[50]. Because of both to the energy distribution of active centers on the surface of 
the filler and to the conformation of absorbed chains; complete coating of the filler 
or reinforcing material is quite improbable. It can be estaminated by a layer with a 
thickness of about 5nm of absorbed polymer[51]. The illustration of chain 
arrangements on the surface of filler is done in Figure 5.8. 
 
Figure 5.8. The arrangements of the chains on the filler surface.[40] 
Thermodynamically adhesion phenomenon can be used to explain the studies on 
adhesion through adsorption of polymers at the surface of the inclusion or filler, the 
concept of selectivity of interaction of compounds at interface as a starting point and 
required knowledge of the intensity of the adhesion forces can be characterized by 
direct measurement, spectral determination of the chemical composition of the 
surfaces, physico-chemical measurements of the energy of interaction[52]. 
Organic and inorganic filling or reinforcing materials can adsorb oligomer or 
polymer at the surface. On the reports of Petraru and Popa[53], they reported 
possible treatment of calcium carbonate with a high density polyethylene oligomer, 
so it permitted higher charging ratio of filler and it influenced the flow properties. 
Fowkes and Mostafa[54] worked on the nature of interactions between calcium 
carbonate and polymer adsorbed at the surface of calcite by organic solvent. They 
explained that, the adsorption is dominated by interactions of acid-base nature, 
occurring between the polymer solvents and the surface of filler.   
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Polymer such as poly(ethylene-co-vinylacetate), terpene phenolic resins, 
poly(ethylene oxide) and poly(methyl methacrylate) and their mixtures develop an 
acid base interaction at the surface of fillers or reinforcing materials; to determinate 
the nature and free energy of the adduct formed at the interface of the polymer metal 
systems IR-RAS spectroscopy can be used in efficient way[40].  
The stronger interaction improvement can be obtained by chemical adhesion of filler 
and polymer by chemical bonding of the polymeric coupling agent with the reaction 
of the functional groups of the two components. In the thesis of  Moigne[55] they 
treated the calcium carbonate surface with a copolymer based on ethylene oxide and 
propylene oxide(PEO-PPO), or even with poly(ethylene oxide) functionalized with 
–COOH groups. They showed that, -COOH functionalized PEO treatment is more 
efficient than PPO/PEO treatment due to presence of COOH groups on the ends of 
the macromolecules. 
 
Figure 5.9.The model of calcite particle superficially treated with a poly(acrylic 
acid-co-butadiene) [40] 
The interface in polymeric mixtures and composites occurs between the two phases 
as a result of thermodynamic incompatibility. This is just because of high surface 
energy of inorganic reinforcing fibres or particulate fillers, so polymers cannot wet 
them and an adequate surface treatment being necessary. Treating the surface of 
calcium carbonate with modified polypropylene having maleic acid or anhydride at 
the end of the chain is an other method of improving the adhesion and so the treated 




The modification of the surface of the particles for their hydrophobisation is an 
other mostly used method as described by Leo Deore ant others [56]. Partial 
hydrosylilation with silanic coupling agent occurring at first and by the reaction of 
the functionalised particle with 1,2-polybutadiene oligomers in the presence of 
hexachloroplatinic acid. An other possible method is hydrosylilation of 
polybutadiene, which is subsequently linked, to the surface unmodified silica as 
presented in Figure 5.10[40]. 
 
 
















6. EXPERIMENTAL WORK 
6.1. Materials 
As a base polymer of the matrix; polypropylene (PP) is used, grade HE125MO from 
Borealis, Austria with the melt flow index of 12 g/10min. 
Calcium carbonate (CaCO3) was supplied from Omya Madencilik, Turkey without 
surface treatment and spherical diameter of 5,5 microns. 
Maleic Anhyride grafted polypropylene (MA-g-PP); that was used to improve 
interfacial affection of calcite and polypropylene, was supplied from Uniroyal 
Chemical, Middlebury grade Polybond 3200 with 1% Maleic anhydride (MA) 
grafted. 
6.2. Compounding Recipes 
Formulations of composites, containing Polypropylene (PP), Calcite (CaCO3) and 
compatibilizer, were prepared with twin-screw extruder. The percent ratios of 
Calcite in these formulations were defined according to the most appropriate 
price/performance ratio and this ratio was kept constant for the eliminating affects of 
the different amount of filler. To investigate effect of compatibilizer amount on the 
filled systems, compatibilizer percent was defined to vary between 0 and 5 percent 









Table 6.1: Formulations produced in extrusion process 
 MA-g-PP PP(125MO) CaCO3 
Code: % % % 
0 0 60 40 
0,5 0,5 59,5 40 
0,8 0,8 59,2 40 
1 1 59 40 
2 2 58 40 
3 3 57 40 
4 4 56 40 
5 5 55 40 
6.3. Compounding Process in Twin-Screw Extruder and Specimen Preparation 
by Injection Molding 
6.3.1. Twin-Screw Extruder 
In this work, to obtain well mixed compound intermeshing, co-rotating twin-screw 
extruder is used; PRISM TSE24 IIC, with the screw diameter 24mm and L/D ratio 
28:1(shaft length/screw diameter). Data about the PRISM TSE24 IIC extruder is 
given in Table 6.2. 
Prism 24 extruder has 7 heat controlled modular barrel segments with length of 96 
mm or 4D and a die with three-strand hole having diameter of 3 mm. To control the 
set temperature; electrical resistances and water cooling channels; controlled by 
thermo regulator, are connected to the each modular barrel zone. At the 3rd, 5th, and 
7th zone of barrels thermocouples are mounted to measure melt temperature of 
polymeric materials. The first barrel is known as inlet zone and it was cooled down 
to prevent the messing-up of the polymers through the walls of barrel and screw. In 
the inlet zone, polymeric materials start conveying into other zones and by the effect 
of heat and work supplied on the polymers, polymeric materials melt in the barrels. 
To remove the gases occurred during compounding, one degassing unit is connected 
to the Edwards rotary vacuum pump by hoses at 6th zone of barrel. The barrels finish 
with a three-strand hole die, so melted polymeric composite can go out of the 
extruder and it can be cooled down into a water bath and solidified as spaghettis. 
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These spaghettis are cut into small pieces called granules by the fixed length 
pelletizer or chopper. 
Table 6.2:  Prism TSE 24 Twin screw extruder data sheet 
 Units PRISM TSE24 
Screw diameter Mm 24 
Maximum screw speed Rpm 1000 
L/D (shaft length/screw 
diameter) 
- 28:1 
Channel depth Mm 5.15 
Screw diameter/channel depth - 5.15 
Screw/barrel clearance Mm 0.2 
Shaft center line distance Mm 18.75 
Shaft center line/radius ratio - 1.5625 
Total  Area cm2 8.5 
 Screw area cm2 4.7 
 Free area cm2 3.8 
Total volume cm3 511 
Free volume cm3 228 
Barrel peripheral surface area cm2 830 
Surface area/total volume m2/litre 0.14 
Surface area/Free volume m2/litre 0.31 
Max. channel shear rate @ 1000 
rpm 
s-1 244 
Max. power kW 9 
Max. torque/shaft Nm 43 





Figure 6.1. Prism Granulating Unit 
As shown in Figure 6.2., the barrel can be split in the middle for easy screw removal 
and cleaning purpose. Electrical resistances and water-cooling channels controlled 
by thermo regulator are connected to each modular barrel zone to ensure that the set 
temperature is achieved. Thermocouples are assembled at the 3rd, 5th, and 7th zone of 
barrel up to the internal surface for the purpose of the melt temperature 
measurement. The die with three strand hole having diameter of 3 mm is mounted at 
the forward end of the extruder. Pressure sensor is connected to the die barrel to 




Figure 6.2 Prism Twin Screw Extruder Barrels and Screws 
Vacuum port Seven segment 
modular barrel 




The extruder is equipped with two K-Tron gravimetric feeders and one Brabender 
side feeder. Gravimetric feeder are operated by K-Tron computer interfaced 
software and the side feeder is operated by Prism own controller system. Before 
each production process gravimetric feeders are calibrated according to its manual 
books.  
 
Figure 6.3.  PRISM TSE24 IIC extruder with gravimetric feeder. 
6.3.2. Screw Configuration and Compounding Process Parameters 
The extruder screw profile was configured to achieve good melting and mixing of 
polymers by high shear, high residence time in the reaction zones, and venting close 
to the outlet of the extruder as shown schematically in the Figure 6.4. The screws of 
the extruder were designed to be six zones;  
• raw material intake and solid conveying zone  
• plasticizing zone (first kneading block)  
• melt conveying zone 
• further homogenization zone (second kneading block) 
• degassing zone 
• pressure built up zone 
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Figure 6.4 Extruder screw design and schematic illustration of compounding 
process 
6.3.3. Compounding Procedure 
Compatibilizers are humidity sensitive materials with the humidity they can loose 
their efficiency so compatibilizers are dried for 3 hours at 80 0C in an drying owen.  
The homopolymer PP and compatibilizer are premixed before feeding the first 
feeder. Calcite is fed by second feeder, which was located at the side of extruder and 
known as side feeder. Locations of the feeders are given in the Figure 6.4. The 
compounded materials are leaving the extruder as spaghettis and they are cooled 
down in water bath and then palletized. 
As known, process parameters affect the final product’s properties [58] because of 
these all the process parameters are kept constant; extruder parameters are given in 
the Figure 6.4. 
6.4. Injection Molding Machine and Process Parameters 
Injection molding is defined as a process where melted plastic material forced into a 
mold cavity and cooled down in it by taking its shape. When the plastic material 
cooled in the mold it can be ejected by pins. The process is based on the ability of 
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the thermoplastics to be softened by heat and to harden when cooled. This process is 
usually used for mass production and prototyping. Injection molding machines are 
mainly divided into 3 parts. These are mold, clamping unit and injection unit.(Figure 
6.5) 
 
Figure 6.5.Arburg Allrounder 320C Injection Machine 
The clamping unit is designed to keep mold parts under pressure during injection of 
molten plastic and cooling time. Injection unit consists hopper; heat controlled 
barrels-cylinder, screw and motor. Mold is the place where the melted polymeric 
material shaped by cooling down. During the injection process polymeric materials 
in the form of pellets, are loaded into a hopper on top of the injection unit. The 
pellets feed into the cylinder by the reciprocating movement of the screw and heated 
until they melt. When the melted plastic is accumulated in front of the screw, 
injection process begins. The speed controlled forward movement of screw forces 
molten plastic into mold cavity and then holds the force for a while to minimize the 
shrinkage of molded part. After finishing injection and holding the pressure, the 
mold is kept closed to cool down the melted plastic and shape it.  When the cooling 




Figure 6.6. Injection Molding Machine illustration and general process parameters 
Arburg Allrounder 320C injection machine was used to produce tensile and flexural 
specimens according to the ISO standards. The Arburg injection machine’s 
specifications are given below in Table 6.3. The injection molding machine’s molds 
are shown in Figures 6.7.-6.8.-6.9. Mold temperature during the injection process 
was kept constant as 230C with a water cooling chiller; Piovan ST092.   
Table 6.3: Arburg Allrounder 320C Injection machine specifications. 
 unit Arburg Allrounder 320C 
Screw diameter mm 30 
Max. injection pressure bar 2000 
Max. volumetric displacement cm3 144 
Hydraulic motor power W 1500 
Max. clamping force tones 50 
Max. screw speed rpm 154 





Figures 6.7. Tensile specimens mold designed according to the ISO R 527[59]. 
 
Figures 6.8. Tensile specimens with weld line mold designed according to the ISO 
R 527[59]. 
 




6.4.1. Tensile Test Specimen 
As described in ISO R527 [59] tensile test specimens were molded in the mold 
given in Figure 6.7. During injection molding process, temperature profile is set as 
shown in Figure 6.6., and 3 stages of injection and holding steps are applied as given 
in Table 6.4., also the injection parameters are kept constant for all the formulations. 
Table 6.4: Injection molding parameters for tensile specimens 
  Injection 
  1. Step 2.Step 3.Step 
Inj. Speed cm3/s 120 125 110 
Inj. Pressure Bar 750 800 750 
 
  Holding 
  1. Step 2.Step 3.Step 
Holding time s 0,2 5 3 
Holding Pressure Bar 750 700 500 
 
Shot volume was 36cm3, the screw rotation speed was 15m/min and backpressure 
was 25 bar.  
6.4.2. Tensile Test Specimen with Weld Line 
To investigate weld line properties tensile specimens with weld line were used as 
described in ISO R527 [59] standard. As seen in the Figure 6.8. melted polymeric 
material meet in the middle of the tensile specimen and creates a possible failure 
point. The injection parameters;3 stages of injection and holding steps are kept 
constant for all the formulations as given in Table 6.5 and temperature profile is set 




Table 6.5: Injection molding parameters for tensile specimens with weld line 
  Injection 
  1. Step 2.Step 3.Step 
Inj. Speed cm3/s 120 125 110 
Inj. Pressure bar 750 800 750 
 
  Holding 
  1. Step 2.Step 3.Step 
Holding time s 0,2 5 3 
Holding Pressure bar 750 700 500 
 
Shot volume was 41,6 cm3, the screw rotation speed was 15m/min and backpressure 
was 25 bar.  
6.4.3. Flexural and Impact Test Specimens 
Flexural and impact properties of the formulations are examined with the test 
specimens described in ISO 178 [60] and also mold is given in Figure 6.9. Injection 
molding process parameters; which consists of 3 stage injection and holding stage 









Table 6.6: Injection molding parameters for flexural and impact specimens 
  Injection 
  1. Step 2.Step 3.Step 
Inj. Speed cm3/s 110 140 120 
Inj. Pressure bar 850 1000 900 
 
  Holding 
  1. Step 2.Step 3.Step 
Holding time s 0,2 5 3 
Holding Pressure bar 850 800 675 
The screw rotation speed was 15m/min, backpressure was 25 bar and shot volume 
was 37 cm3 for the impact and flexural test specimens.  
6.5. Characterization 
6.5.1. Physical Properties 
6.5.1.1. Measurement of Density 
The density of specimens is measured according to the procedure described in 
ISO1183 [61] as Pyknometer method. In this method, specimen is weighted in the 
air first and then placed in the Accpro 1330 Pyknometer. The machine calculates the 
volume of the specimens by first vacuuming the air in the measuring vessel and then 
filling up the vessel with nitrogen N2   
 6.5.1.2. Measurement of Hardness     
Durameters are used to measure hardness of polymeric materials as described in ISO 
868 [62].Generally preferred Durometer types A and D type. The basic difference 
between these are the indentor types as given in Figure 6.10. According to the 
material, durometer type is defined. For the soft materials like rubber and elastomers 
A type durometer is preferred and for the harder materials like plastics D type 
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durometer is preferred. Important durometers components are an indentor, calibrated 
spring and indicating device, which the amount of extension of the point of indentor 
can be read in terms of D or A hardness scale as shown in Figure 6.11.  
For the measuring the hardness value, the specimen with thickness is 4 mm is placed 
on a hard solid surface and by applying sufficient pressure without shock, contact 
between the pressing food of durometer and specimen surface is obtained. The 
penetration of indentor into material is read from the scale within one minute. Four 
different points are used to measure the hardness at least 6 mm left among the 
measuring points and average value is calculated. 
Durometer Use Indentor 
A Used for softer materials. 
 
D Used for harder materials. 
 
Figure 6.10.  Durameter identors according to the Shore level[63] 
 
Figure 6.11. Relative identor position and displayed value [64] 
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6.5.1.3. Determination of Ash Content.  
Determination of ash content of the filled polymeric composites is measured 
according to ISO 3451 Method A [65]. In filled polymeric composites, matrices 
consist of inorganic filler and the organic polymer. By heating up to the burning 
temperature of polymeric matrix, polymeric materials are removed and inorganic 
filler is left in crucibles. To eliminate the moisture effect; both materials in pellet 
form and porcelain crucibles are all heated up 900C within an air-circulated oven. 
By the analytical balance; sensitive to tare 0,1 mg, empty porcelain crucible and 2 g 
of composite in pellet form are weighed. Then, the crucibles filled with composite is 
placed in the muffle furnace; Herculus 7100 type. The furnace is allowed to heat up 
to 6000C with the heating rate 900C / 10 minute and stays constant for two hours at 
6000C. 6000C is selected as test temperature to prevent any degradation of CaCO3 
content of CaCO3 filled composites according to the temperatures described in the 
ISO standard. After two hours, the crucibles are placed in a desicator and allowed to 
cool down for one hour and weighed on the analytical balance. Ash content or 
organic filler level within the composite is calculated as follows: 
 Ash (per cent) = (mbf - mcr) / (maf - mcr) x 100 (6.1) 
where mbf is the weight of crucible filled with sample before test and maf is the 
weight of crucible filled with sample after test and mcr is the weight of empty 
crucible. For each formulation at least 3 samples are measured and average value is 
taken into consideration. 
6.5.1.4.  Determination of Melt Flow Index  
An important factor affecting the processability of polymers is the flow behavior of 
the melt. To define flow properties of melt polymers Melt flow index (MFI) or melt 
flow rate (MFR) is applied according to ISO 1133 test standard [66]. The test is very 
similar to an extrusion plastometer operating at a fixed temperature and under load. 
According to the polymer, load and temperature is predefined. The testing device 
consists of heating cylinder, temperature control equipment, piston, die and the 
loading unit (Figure 6.12.). The die; having 2,095 mm diameter, is located at the 
bottom of heating cylinder and testing load is applied onto the piston; which can 
move downward within the cylinder. According to the ISO 1133 test standard, test 
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temperature and load is set to 2300C and 2.16 kg, respectively for filled 
polypropylene.  
 
Figure 6.12 Illustration of melt flow index machine  
At least 6 gr test samples in pellet form is fed into the preheated cylinder, after 
cleaning of the cylinder and piston,. While the charging, the material is compressed 
by hand pressure to ensure the charge is free from air. After charging, 1 kg preload 
is applied via the piston for 4 minutes and then 2.16 kg test weight is applied. The 
molten polymeric material is forced out of the die. The rate of extruded material is 
measured by cutting off the extrudate at suitable time interval; i.e., 30 second. At 
least three cut-off are weighed with balance having 0.001 g accuracy. The melt flow 
rate expressed in grams per the reference time (10 minute), is given by the equation: 
MFI (2300C, 2.16kg) = (S x M) / t                                    (6.2) 
Where S is the reference time in second, i.e., 600 second; M is the average mass of 
the cut-offs, in grams; and t is the cut-off time interval, i.e., 30 seconds. 
6.5.2.  Morphology Investigation 
Examination of the morphology of the polymeric composite is done by a scanning 
electron microscope (Jeol JSM 6400). To investigate the interface between polymer 
and the inorganic filler and filler dispersion in the matrix, injection molded test bars 
having dimensions of 4 ± 0.2 mm, 10 ± 0.2 mm, 80 ± 0.2 mm are left in a desicator 
for at least 48 hours to get rid of post crystallization or physical aging and any 
hydrolysis effect and 2mm notched test samples are immersed in liquid nitrogen for 
2 hours and broken with a sudden impact. Before the SEM investigation, to provide 
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electro conductivity the fractured surfaces were coated with gold by sputter. Gold-
coated fracture surfaces are investigated with different magnifying values. 
6.5.3. Mechanical Properties 
6.5.3.1. Measurement of Tensile Properties  
Zwick universal tensile testing machine Z020 equipped with 20 kN load cell as load 
indicator and a mechanical long stroke extensometer as extension indicator is used 
to measure tensile properties of samples.  
Tensile specimens, injection molded according to ISO / R 527 [59] without weld 
line (normal specimens) and specimens with weld line were used to measure tensile 
properties. Test specimens are left in a heat controlled room for at least 48 hours to 
eliminate the effects of post crystallization or physical aging. Testing speed is set to 
50 mm/min and gauge length (Lo) is set to 70 mm as shown in the Figure 6.13. The 
test is performed at standard condition, i.e., 23 ± 20C and 50 % humidity.  
A micrometer reading at least 0.02 mm did measurement of the thickness and width. 
After measurement, the specimen is fixed to self-aligning grips of the tensile test 
machine with 123 mm distance between grips. The extensometer is attached to the 
specimen over the parallel portion of it, beginning distance between the 
extensometer path was 70 mm and the machine was started. The loads and 




Figure 6.13. Tensile test illustration. 
Following tensile properties were measured: 
• Tensile stress or yield stress shown as σy (tensile load per unit area of original 
cross section within the narrow parallel portion). Tensile stress expressed in 
MPa means Newton per square millimeter (N/mm2) is the first top point on the 
load / extension curve at which an increase occurs in the elongation but 
without an increase in load. 
• Tensile strain or percentage elongation at yield shown as εy (per cent increase 
in the distance of extensometer path). Tensile strain is the percentage 
elongation corresponding to tensile stress point. 
• Elastic modulus or Young modulus is calculated according to the stress values 
at %0,1 and %0,25 elongation by regression method.  
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Figure 6.14. Considered points in the stress-strain graph of specimens 
6.5.3.2. Determination of Flexural Properties 
Flexural properties of the polymeric composites are examined by using Instron 4505 
universal testing machine equipped with 10 KN load cell as load indicator and three 
point bending fixture. The test is performed at standard condition, i.e., 23 ± 20C and 
50 % humidity. 
ISO 178 [60] standard is followed to determine flexural properties. Similar to tensile 
test specimens, injection molded test bars having dimensions of 40 ± 2 mm, 10 ± 0.5 
mm, 80 ± 0.5 mm are left in a heat controlled room for at least 48 hours to eliminate 
post crystallization or physical aging. Span of two lower arms of bending fixture is 
set to 60 mm. Testing speed is set to 5 mm/min and the extension is measured from 
travel of traverse of testing machine.  
The thickness and width are measured by screw micrometer reading at least 0.02 
mm. Then, the specimen is laid to lower arms of the bending fixture fixed to 
stationary testing machine base. The third arm of the fixture fixed to movable 
traverse of testing machine is slowly contacted with test piece at mid-span and the 
machine is started. The loads and corresponding deformations are recorded at the 




• Flexural stress or flexural yield stress designated as σf is calculated as 
follows: 
σf = (3 x F x L) / (2 x b x h2)                                  (6.3) 
• where F is applied load in meganewtons (MN), L is the span length, b is the 
width and h is the thickness of specimen in meters. Flexural stress is express 
in megapascal (MPa) or newton per square millimeter (N/mm2). 
• Flexural strain is the distance over which the top of specimen surface at mid-
span has deviated during flexure from its original position and is designated 
as εfy. 
• Flexural modulus or apparent modulus of elasticity (Eb) is calculated from 
initial linear portion of the load extension curve by using at least five values 
of the deflection and load.  Eb is calculated as follows: 
 
Figure 6.15. Flexural test illustration 
Eb = (L3 x F) / (4 x b x h3 x Y )                                 (6.4) 
• where L is span length, b and h are the width and thickness of the specimen 
respectively, F is the load at a chosen point on the initial linear portion of the 
load –deflection curve, Y is the deflection corresponding to load F. L, b, h 
and Y are in millimeter and F is in Newton, then Eb is in N/mm2.  
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6.5.3.3.  Determination of Weld Line Factor 
The effect of weld line on mechanical properties of molded material, the weld line 
factor (Fwl) is defined as [67]. 
  line dithout welspecimen w of ueoperty valPr
line ith weldspecimen w of ueoperty valPr
=wlF
                  (6.5) 
Weld line factor is calculated for tensile yield strength, yield elongation, Young’s 
modulus, flexural strength, flexural strain, and flexural modulus. 
6.5.3.4.  Determination of Izod Impact Strength 
According to ISO 180 standard [68], Izod impact strength of samples is determined. 
Similar to tensile test specimens, injection molded test bars having dimensions of 4 
± 0.2 mm, 10 ± 0.2 mm, 80 ± 0.2 mm are left in a desicator for at least 48 hours to 
get rid of post crystallization or physical aging and any hydrolysis effect. The 
thickness and width are measured by screw micrometer reading at least 0.02 mm. 
Then, 2 mm notch with notch base radius 0.25 ± 0.05 mm is machined at mid-span 
of specimen. The test specimen and the notch are defined in the ISO standard as 
type 1A. The testing machine is Cheast Impact Tester equipped with 2.75 J impact 
capacity pendulum. Blank test (i.e. without a specimen in place) is carried out to 
ensure the total friction losses. The specimen is placed into test machine grips in 
such a way that the notched surface is faced to the impact point. The pendulum is 
then released and the impact energy is recorded after making correction for 
frictional losses. The Izod impact strength, in kilojoules per square meter (KJ/m2), is 
calculated as follows: 
Izod Impact Strength = Ak / (X x Yk) x 103                            (6.6) 
where Ak is the impact energy, in joules, absorbed by the test specimens and it is 
corrected for frictional losses. X is the thickness, in millimeters, of specimen. Yk is 
the difference of width and notch depth, in millimeters.  
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6.5.4. Thermal Properties 
6.5.4.1. Determination of Vicat Softening Temperature 
Vicat Softening temperature of blends and composites are determined according to 
ISO 306 [72]. Specimen with 4 ± 0.2 mm thickness and minimum 10 mm2 surface 
area is submerged within a heating bath filled with transformer oil at 230C. 
Hardened steel, circular cross section indentation tip with area of 1.000 ± 0.015 mm2 
is located in the middle of the specimen. The temperature measurement bulb is 
located near to the specimen. After five minute, with the indentation tip still in 
position, the weight is added to the load carrying plate that has direct connection 
with the indentation tip via a stainless steel rod. The weight is arranged so that the 
total force on the specimen is 50 ± 1 N. The temperature of bath is increased at a 
uniform rate of 50 ± 5 K/h, while the liquid is stirring.  
The temperature of bath at which the indenting tip has penetrated into the test 
specimen by 1 ± 0.01 mm beyond its starting point is recorded at Vicat Softening 
temperature for Method A or Method B depending of the weight used. 
 
Figure 6.16. Vicat test illustration 
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6.5.4.2. Determination of Crystalline Melting Point and Heat of Fusion 
Crystalline melting point, and heat of fusion associated to the specimen is 
determined by Polymer Laboratories PL DSC PLUS differential scanning 
calorimeter. Previously weighted samples are placed on sample pan and heated in 
temperature-controlled manner. The temperature is increased linearly at a 
predetermined rate of 10 0C/min from 23 0C to 300 0C. Heat flow versus 
temperature graph is obtained. Change from the base line of this endothermic curve 
is detected as melting reaction and the exothermic curve obtained during cooling is 
detected as crystallization. The start and end point of crystallization peak ( Tcs and 
Tcf) and the peak value (Tc) is noted as crystalline temperature. The area below that 


































7. RESULTS AND DISCUSSION 
7.1. Polypropylene / CaCO3 Composite and its Properties  
To investigate the effects of calcite on the polypropylene 40% CaCO3 containing 
polypropylene composite was produced and tested as described in section 6. 
Polyproylene/ CaCO3 composite was prepared as described the process conditions in 
section 6.3.2.and 6.3.3 and compounded composite was molded as described in 
section 6.4.  
7.1.1. Physical Properties 
7.1.1.1. Measurement of Density  
Measurement of density was done as described in section 6.5.1.1.  Test results are 
given in Table 7.1.  
Table 7.1: Test result of density measurements of neat Polypropylene and 40% 
CaCO3 filled Polypropylene. 
% Density Avr. Density 
CaCO3 g/cm3 g/cm3 
0,9075 
0,9096 
0 0,9089 0,9087 
1,2319 
1,2323 
40 1,2322 1,2321 
With the addition of inorganic filler into the polymeric matrix density value is 
increased, as expected since the calcite has a density more than polypropylene. 
7.1.1.2. Measurement of Hardness 
Hardness measurements were done according to the explanations in section 6.5.1.2. 
Measurements results are given below in Table 7.2. 
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Table 7.2: Hardness measurements of  neat Polypropylene and 40% CaCO3 filled 
Polypropylene. 








%40 CaCO3 78,5 78,5 
As shown in Table 7.2. hardness of the neat polypropylene is increasing with the 
filler. This can be explained by decreased chain mobility of polymeric materials 
caused resistance to penetrating movement of the identor. 
7.1.1.3. Determination of Melt Flow Index 
Melt flow index test results of neat PP and calcite filled PP are given in the Table 
7.3. The MFI test examined as explained in section 6.5.1.4. 
Table 7.3: Melt flow index test results of % MA-g-PP in 40 % CaCO3 filled 
Polypropylene 
 MFI Avr. MFI 
 g/10min g/10min 
10,76 
10,38 
neat PP 10,22 10,45 
7,36 
7,56 
40% CaCO3 filled 7,32 7,41 
By the entrance of calcite particles to the matrix the melt flow index value decreased 
due to decreased chain movements of polypropylene.  
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7.1.2. Morphology Investigation 
 
Figure 7.1. SEM micrograph of neat polypropylene 
 
 
Figure 7.2. SEM micrograph of 40 % CaCO3 filled polypropylene 
SEM micrographs show that, during extrusion process the calcite particles are well 
dispersed and there is no interaction between calcite and polypropylene except 
mechanical adhesion between filler and polymeric materials (Figure 7.1-7.2). 
 52 
7.1.3. Mechanical Properties 
7.1.3.1. Tensile Properties 
Tensile test are examined as explained in section 6.5.3.1. Tensile properties of filled 
polymeric composites strongly depended on polymer filler interaction but because 
of having a weak interaction such as mechanical adhesion of polymeric materials to 
the surface of filler the tensile stress is drastically decreasing but modulus value is 
increasing as shown in the Table 7.4, also strain at yield value is decreasing due to 
decreased chain movements. Weld line properties is also getting worse. Tensile 
properties of neat polypropylene with weld line is close to without weld line but 
when the filler introduce the system it decreases to flow ability of melted polymer in 
mold so melted polymer starts to cold in the mold before reaching the specimen 
cavity. In the specimen cavity relatively cold polymeric materials meet in the middle 
of it and that cause a most possible failure point. 




Neat PP 40% CaCO3 filled PP 
Tensile Normal Tensile Normal 
Max. Stress Strain Young Mod. Max. Stress Strain Young Mod. 
Mpa % Mpa Mpa % Mpa 
34,250 8,280 1647,630 21,030 4,230 2603,600 
34,590 8,320 1760,810 21,560 4,130 2636,860 
34,510 8,390 1752,750 21,300 4,080 2502,210 
33,990 8,350 1779,770 21,090 4,250 2608,680 
32,650 8,560 1611,300 21,750 4,230 2714,780 
            
Avr: 33,998 8,380 1710,452 21,346 4,184 2613,226 
max 34,590 8,560 1779,770 21,030 4,080 2502,210 
min 32,650 8,280 1611,300 21,750 4,250 2714,780 








Table7.5: Tensile properties of neat polypropylene and 40% CaCO3 filled 
polypropylene with weld line. 
 Neat PP 40% CaCO3 filled PP 
Tensile with weld line Tensile with weld line 
Max. Stress Strain Young Mod. Max. Stress Strain Young Mod. 
Mpa % Mpa Mpa % Mpa 
33,380 8,450 1698,310 18,980 3,150 1840,550 
33,030 8,510 1619,990 19,500 3,070 2382,220 
32,870 8,300 1654,180 19,430 3,120 2486,130 
32,200 8,410 1602,910 19,550 3,100 2477,520 
32,980 8,540 1648,410 19,300 3,020 2422,470 
Avr: 32,892 8,442 1644,760 21,346 4,184 2613,226 
max 33,380 8,540 1698,310 21,030 4,080 2502,210 
min 32,200 8,300 1602,910 21,750 4,250 2714,780 
SD: 0,43 0,09 36,52 0,23 0,05 272,32 
7.1.3.2. Flexural Properties  
In section 6.5.3.2. followed flexural test procedure is given and the test results are in 
Table 7.6. With the addition of calcite particles especially modulus value increases 
but stress and strain values are decreasing as seen in Table 7.6. due to low polymer 
filler interface interaction, irregular shape of filler surface and surface activity of 
filler, they act as a stress concentration point when a stress is applied micro cracks 
form and reduce flexural stress value also decreased polymeric chain mobility 
decreases strain value.  
Table7.6: Flexural properties of neat polypropylene and 40% CaCO3 filled PP. 
 Neat PP 40% CaCO3 filled PP 
 Flexural Properies Flexural Properies 
 Max. Stress Strain Young Mod. Max. Stress Strain Young Mod. 
 Mpa % Mpa Mpa % Mpa 
 40,666 7,523 1255,311 35,962 5,355 2066,800 
 42,418 7,525 1352,823 37,791 5,010 2149,600 
 41,864 7,499 1286,621 36,298 5,467 2002,140 
 41,756 7,551 1286,306 36,723 5,469 2045,640 
 41,682 7,536 1296,124 36,699 5,431 2092,710 
Avr: 41,677 7,527 1295,437 36,695 5,346 2071,378 
max 42,418 7,551 1352,823 37,791 5,469 2149,600 
min 40,666 7,499 1255,311 35,962 5,010 2002,140 
SD: 0,63 0,02 35,58 0,69 0,19 54,89 
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7.1.3.3. Impact Properties 
To investigate the behaviors of polymeric materials under sudden energy loading 
conditions, Izod notched impact test applied according to the procedure explained in 
section 6.5.3.4. and test results are given in Table 7.7. 






Neat PP filled PP 
 Impact Impact 
 kJ/m2 kj/m2 
 2,88 2,76 
 2,97 2,90 
 3,07 2,92 
 2,96 3,16 
 2,96 3,10 
 2,97 3,12 
 3,07 3,13 
 3,25 2,94 
 3,16 3,14 
 3,07 3,29 
Avr: 3,03 3,05 
max 3,25 3,29 
min 2,88 2,75 
SD: 0,11 0,16 
As shown in Table 7.7. impact resistance of neat PP and calcite filled PP is not 
changed, because when the sudden energy is applied, the way followed by the 
energy is increasing or absorbed at the surface of filler; but in case of loaded calcite 
ratio is more then maximum packing factor that time there will be a drastical 
decrease because of not having a compact matrix and stacked calcite particles 
especially which are not in direct contact polymeric matrix will be the possible 
failure point. 
7.1.4. Thermal Properties  
Thermal properties of neat PP and calcite filled PP are shown in Table 7.8. Tc peak 
value is increasing with addition calcite into the matrix but melting temperature is 
not changing. These results can be explained; with the addition of inorganic material 
in to the system, particle surfaces are acting as a crystallization starting points 
during cooling and so Tc value is increasing but there is no change in melting 
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temperature because it is depended on the material characteristic of polymeric 
materials (Table 7.8.). 
Table 7.8: Effect of calcite on the thermal properties of polypropylene 
  
Crystallinity  Temperature   
  
Tcs Tc Tcf mCal/mg Tm 
Neat PP 122,3 115,32 108,24 -10,65 164,16 
40% CaCO3 
 filled PP 130,7 120,76 113,47 -12,98 166,54 
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Figure 7.3. DSC curves of neat PP and 40% CaCO3 filled PP 
The Vicat test results of neat PP and calcite filled PP are given in Table 7.9. Vicat 
testing is applied to investigate the resistance to the identor under load and heating. 
It is observed that the Vicat softening point increases by addition of calcite particles 
due to increase in the viscosity and decrease in the mobility of polymeric chains 
which shows a resistance to penetration of identor. 
Table 7.9: Effect of CaCO3 on Vicat softening point of polypropylene 
  
Vicat A Vicat B 
Neat PP 154,6 94,5 




7.2. Improvement of Filler – Matrix Interaction by Ma-g-PP of Polypropylene / 
CaCO3 Composite  
7.2.1. Physical Properties 
7.2.1.1. Measurements of Density 
Density determinations of composites were done according to the explanation in 
section 6.5.1.1. and test result are given in Table 7.10. 





% g/cm3 g/cm3 
1,2319 
1,2323 
0 1,2322 1,2321 
1,2194 
1,2194 
0,5 1,2207 1,2198 
1,2199 
1,2194 
0,8 1,2182 1,2192 
1,2319 
1,2274 
1 1,2248 1,2280 
1,2371 
1,2304 
2 1,2302 1,2326 
1,2418 
1,2368 
3 1,2360 1,2382 
1,2390 
1,2341 
4 1,2330 1,2354 
1,2432 
1,2378 
5 1,2363 1,2391 
Till the 2% MA-g-PP loading into the 40% CaCO3 filled polypropylene composite 
density is slightly decreasing. This might be because of increased crystallinity of 
composite. After 2% MA-g-PP loading, density of composite is increasing back to 
the value in which there is just 40% CaCO3 and 60% polypropylene, that behavior 
can be explained as follow; up to 2% MA-g-PP crystallinity of PP increases, thus 
density decreases. Above 2% MA-g-PP, transcyrstallinity zone between filler 
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surface and the rest of the matrix could form, and the crystallinity of the matrix 
would be probably resemble to those 40% CaCO3 filled PP.  
7.2.1.2. Measurement of Hardness 
Hardness measurements were done according to the explanations in section 6.5.1.2. 
Measurements results are given below in Table 7.11. 
Table 7.11: Hardness measurements of  composites in terms of % MA-g-PP in 40 


































Figure 7.4. Hardness measurements of  composites in terms of % MA-g-PP in 40 % 
CaCO3 filled PP 
As shown in Figure 7.4. hardness of the composites are increasing till the 2% MA-g-
PP containing  in 40 % CaCO3 filled Polypropylene; but after that value hardness 
starts to decrease, but still bigger then 40% CaCO3 filled polypropylene. The 
increasing trends in hardness related with the increase of filler surface and matrix 
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interaction also decrease in void or air bubble formation phenomena between filler 
surface and matrix. 
7.2.1.3. Determination of Ash Content 
The test samples taken during extrusion process were used to determine ash content 
and test was done as explained in section 6.5.1.3.  
Table 7.12: Ash Content measurements of composites in terms of % MA-g-PP in 40 













Ash Content measurements of  composites in terms 























Figure 7.5. Ash Content measurements of composites in terms of % MA-g-PP in 40 
% CaCO3 filled PP 
Ash content measurement results show that extrusion process was done as desired 




7.2.1.4. Determination of Melt Flow Index 
Melt flow index test results are given in the Table 7.13. 













In the melt state of polymer, addition of the inorganic particles cause to decrease the 
MFI value or to increase the viscosity of the matrix, since the filler behave as 
obstacles against melt flow. Addition of MA-g-PP results to cover of the particle 
surfaces with polymer; which can reduce surface energy of filler. due to that 
increase in the MFI value of composites containing MA-g-PP. When the MA-g-PP 
concentration riches a certain limit, i.e. 5%, it is assumed that all the active filler 
surfaces could interact with MA-g-PP and access amount of MA-g-PP may act as a 
lubricant or plasticizer. 
7.2.2. Morphology Investigation 
The SEM micrograph of composites containing different level of MA-g-PP are 
shown in Figures from 7.6. to 7.13.
 Figure 7.6. SEM micrograph of 0,5 % MA-g-PP + 40 % CaCO3 filled PP 
 





Figure 7.8. SEM micrograph of 1 % MA-g-PP + 40 % CaCO3 filled PP 
 






SEM micrographs comparison according to the % MA-g-PP content, show that; 
• In Figure 7.1., the calcite surface is clear, there is no significant filler matrix 
interaction 
• As shown in Figure 7.6.-7.7. calcite surface is partially wetted by the 
polymer, this shows MA-g-PP is creating an interface between calcite and 
polypropylene. 
•  Because of not covering all the surface, at low concentrations of MA-g-PP, 
the fracture is starting from the calcite surface in Figure 7.6. and Figure 7.7. 
• Starting from 1 % MA-g-PP concentration the calcite particle surfaces are 
almost totally embedded within the polymeric matrix. 
• Loading of MA-g-PP more then 2 %, surface of the calcite particles are not 
clearly observed. In Figure 7.9.-7.12. it is observed that filler surface are 
completely wetted by the polymeric matrix. 
• In Figure 7.13., the occurrence of interface on the calcite surface is clearly 
observed and also the failure is not observed on the calcite particle surface; it 
can be explained as, the interface is transferring stress from polymeric matrix 
to the filler. 
 




Figure 7.11. SEM micrograph of  4 % MA-g-PP + 40 % CaCO3 filled PP 
 
Figure 7.12. SEM micrograph of  5 % MA-g-PP + 40 % CaCO3 filled PP 
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Figure 7.13. SEM micrograph of  5 % MA-g-PP + 40 % CaCO3 filled PP 
 
7.2.3. Mechanical Properties 
7.2.3.1. Tensile Properties 
Tensile test specimens were tested without and with weld line to investigate the 
effect of interface. The tests were done according to procedure described in section 
6.5.3.1 and section 6.5.3.3. The average values of tensile test result of the specimens 



































Figure 7.14. Tensile stress (MPa) values according to % MA-g-PP in 40% CaCO3 
filled PP 
Table 7.14: Average tensile test result of % MA-g-PP in 40 % CaCO3 filled PP 
  Tensile Specimens Normal 
% Tensile Stress strain at yield E-Modulus 
MA-g-PP MPa % MPa 
0 21,34 (0,31) 4,184 (0,07) 2613,2 (76) 
0,5 26,51 (0,30) 2,468 (0,05) 3293,0 (89) 
0,8 28,08 (0,14) 2,728 (0,06) 3190,3 (142) 
1 27,62 (0,30) 2,522 (0,05) 3117,6 (85) 
2 32,40 (0,14) 3,438 (0,03) 2959,8 (49) 
3 34,91 (0,46) 4,082 (0,07) 3021,3 (94) 
4 35,90 (0,43) 4,548 (0,07) 3034,4 (145) 
5 35,26 (0,11) 4,782 (0,05) 2976,3 (116) 
 
  Tensile Specimens with Weld Line   
% Tensile Stress strain at yield E-Modulus Weld Line 
MA-g-PP MPa % MPa Factor 
0 19,35 (0,23) 3,092 (0,05) 2321,7 (59) 0,907 
0,5 24,47 (0,19) 1,392 (0,03) 3226,0 (65) 0,923 
0,8 26,06 (0,22) 1,658 (0,03) 3114,6 (111) 0,928 
1 25,98 (0,19) 1,558 (0,02) 2990,5 (100) 0,941 
2 31,07 (0,19) 2,56 (0,05) 2910,3 (62) 0,959 
3 34,54 (0,23) 3,676 (0,14) 3006,6 (155) 0,989 
4 34,91 (0,09) 4,436 ( 0,06) 2974,3 (131) 0,972 
5 34,23 (0,25) 4,694 (0,05) 2903,6 (133) 0,971 
*Standard deviations are given in brackets. 
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Figure 7.15. % Strain at yield values according to % MA-g-PP in 40% CaCO3 filled 
polypropylene 































Figure 7.16. E-Modulus at Young values according to % MA-g-PP in 40% CaCO3 
filled polypropylene 
Up to certain MA-g-PP level (3%), increased MA-g-PP concentrations caused 
increase in the tensile stress but it reduced the strain. Modulus value is increasing up 
to 1 % MA-g-PP concentration. Above that concentration, the modulus value is seem 
to be constant and fluctuating around 3000 MPa (Figure 7.16.). The trend of increase 
in the tensile stress and decrease in the strain up to 3% MA-g-PP can be explained as 
follows; addition of MA-g-PP causes to increase filler matrix interaction by chemical 
or physical bond formation. Due to that chemical or physical interaction applied 
force is transferred between those phases. Since polymer matrix chemically bonded 
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to filler surface chain mobility is restricted. Thus reduction trend in strain with 
respect to increase in MA-g-PP loading level observed. More than 3% MA-g-PP 
loading tensile stress is seeming to be constant, while rapid increase in tensile stress 
is observed. The surface of filler is thought to be coated with MA-g-PP after certain 
level, excess MA-g-PP could not coat the surface and act as a lubricant or plasticizer.  
7.2.3.2. Flexural Properties    
The average values of flexural test results are given in Table 7.15. As seen from the 
Table flexural stress value is increasing but after 3% MA-g-PP loading the value is 
fluctuating around 52 MPa(Figure 7.17.) and also by the entrance of MA-g-PP in the 
structure at first because of compacting the filler with polypropylene % strain value 
is decreasing but just after 2% MA-g-PP content, the % strain value is increasing 
because of easying the chain movements on the surface of calcite particles. 
Table 7.15. Flexural properties of % MA-g-PP in 40 % CaCO3 filled Polypropylene.  
% Flexural Properties of 40% CaCO3 filled PP 
MA-g-PP stress(MPa) strain (%) Modulus(MPa) 
0 36,69 (0,69) 5,346 (0,19) 2071,3 (54) 
0,5 43,73 (0,25) 4,595 0,13) 2460,1 (35) 
0,8 45,13 (0,30) 4,734 (0,05) 2375,9 (30) 
1 46,75 (0,41) 4,451 (0,31) 2417,1 (61) 
2 50,08 (0,24) 5,345 (0,05) 2259,2 (26) 
3 52,29 (0,22) 5,941 (0,12) 2241,7 (41) 
4 52,72 0,36) 6,113 (0,04) 2219,6 (31) 
5 52,54 (0,32) 6,171 0,05) 2218,2 (18) 
*Standard deviations are given in brackets. 
Effects of % MA-g-PP on Flexural Properties of 
























Figure 7.17. Flexural stress (MPa) values according to % MA-g-PP content in 40% 
CaCO3
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Effects of % MA-g-PP on Flexural Properties of 






























Figure 7.18. Flexural strain (%) values according to % MA-g-PP content in 40% 
CaCO3 filled polypropylene 
Effects of % MA-g-PP on Flexural Properties of 




















Figure 7.19. Flexural Modulus (MPa) values according to % MA-g-PP content in 
40% CaCO3 filled polypropylene 
During flexural testing, specimens are exposed to two kind of force; one is causing 
the stretch and the other one is causing shrinkage. As we see from tensile test results 
with the increasing MA-g-PP content of 40 % CaCO3 filled polypropylene, tensile 
stress is increasing caused by stress transfer from polymeric matrix to the filler and 
so as same as tensile properties flexural stress value is increasing with increased MA-
g-PP content. The interface; which is connecting the filler to the polymeric matrix, 
strain property is decreasing till the 1% MA-g-PP but after that value MA-g-PP is 
facilitating the chain movements (Figure 7.18). When we investigate the modulus 
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value, as it is known it is the ratio between stress and strain, it is increasing till the 
1% MA-g-PP but after that value it is fluctuating around 2250 MPa(Figure 7.19).   
7.2.3.3. Impact Properties 
Impact properties were determined as described in ISO 180[68], tests results are 
given in the Table 7.16.  
Table 7.16: Notched Izod impact properties of composites according to % MA-g-PP 
content 
 Notched Izod Impact Resistance of 40% CaCO3 filled PP (kJ/m2) 
% MA-g-PP 0 0,5 0,8 1 2 3 4 5 
 2,76 1,90 1,90 2,08 2,78 3,62 4,32 4,16 
 2,90 2,08 2,08 2,09 2,60 3,47 3,84 4,18 
 2,92 1,90 2,43 2,25 2,78 3,83 3,82 3,98 
 3,16 2,25 2,24 2,08 2,24 3,62 3,49 3,98 
 3,10 2,08 2,25 2,09 2,94 3,27 3,64 4,17 
 3,12 2,09 2,42 2,25 2,79 3,28 3,47 4,17 
 3,13 2,25 2,25 1,90 2,95 3,13 4,34 3,63 
 2,94 1,89 2,42 2,25 2,78 3,98 3,82 3,83 
 3,14 1,74 2,25 2,09 2,96 3,13 3,99 3,64 
 3,29 2,08 2,25 2,12 2,94 3,47 4,34 3,83 
Avr: 3,05 2,03 2,25 2,12 2,78 3,48 3,91 3,96 
Max: 3,29 2,25 2,43 2,25 2,96 3,98 4,34 4,18 
Min: 2,76 1,74 1,90 1,90 2,24 3,13 3,47 3,63 
SD: 0,16 0,16 0,16 0,11 0,22 0,29 0,34 0,22 
Effect of % MA-g-PP on Izod Impact Proporties of




























Figure 7.20. Effects of %MA-g-PP on the Izod Impact properties of 40% CaCO3 
filled polypropylene. 
 70 
An impact property is measurement of energy absorbing under sudden energy 
loading. As shown in the Figure 7.20 composite is getting brittle till 3% MA-g-PP 
concentration because of partially interface formation between filler and the matrix. 
As it explained in section 7.3.3.1, addition of MA-g-PP at low concentrations cause a 
decrease in tensile strain up to a certain level of MA-g-PP (3%), that is brittleness of 
the composite increases up to that point due to chemical or physical bond formation 
between surface of filler and the matrix and due to restriction in chain mobility. The 
reduction of impact strength up to 3% MA-g-PP supported that increase in bond 
formation and restriction of chain mobility. Above 3% MA-g-PP concentration, 
impact strength is increasing, the optimum amount of MA-g-PP coated the surface of 
filler and the access amount of MA-g-PP can act as a lubricant or plasticizer and so 
they increase the chain mobility.  
7.2.4. Thermal Properties   
The effects of MA-g-PP concentration on thermal properties is shown in Table 
7.17.As it explained in section 7.1.4 with introduction of inorganic particle into 
polypropylene matrix, the crystallinity of PP is increasing, with the addition of MA-
g-PP an interface is formed at the surface of filler and it may act as a nucletaing 
agent as seen in Table 7.17. 
Table 7.17: Effect of MA-g-PP on the thermal properties of 40% CaCO3 filled 
polypropylene.  
  Crystallinity  Temperature 
  
MA-g-PP Tcs Tc Tcf ∆H Tm 
0 130,70 120,76 113,47 -12,98 166,54 
0,5 138,92 131,57 115,73 -16,21 165,06 
0,8 140,53 131,77 118,42 -14,00 163,79 
1 141,35 132,65 118,75 -14,37 164,61 
2 140,07 131,78 119,67 -13,83 165,56 
3 140,31 131,07 119,98 -13,25 165,24 
4 139,78 131,34 115,12 -15,26 164,21 
























Figure 7.21. Effect of MA-g-PP on the crystallinazation temperature of 40% CaCO3 
filled polypropylene composite. 
The Vicat test results of calcite filled PP according to the MA-g-PP concentrations 
are given in Table 7.18. The As shown in Figure 7.22, Vicat softening point is 
increasing by addition of MA-g-PP, due to reduced chain movements and increased 
hardness value.  
The Effects MA-g-PP on Vicat Softening 





























Table 7.18: Effects of MA-g-PP on Vicat softening temperature value of 40% 
CaCO3 filled PP. 
MA-g-PP Vicat 
% A B 
0 146,9 103,6 
0,5 155,70 111,20 
0,8 153,13 111,33 
1 156,77 111,17 
2 155,17 111,30 
3 156,77 111,13 
4 156,60 113,55 














In this study, the effects of CaCO3 on polypropylene and the effects of interface 
improvements on mechanical and physical properties by modifying the interface 
interaction were investigated. At first, calcite loaded polypropylene composite’s 
physical and mechanical properties were investigated and compared with neat 
polypropylene. The selected calcite ratio was kept constant as 40 % wt/wt to 
investigate effects of interface improvements on physical and mechanical properties 
by adding in different ratio of maleic anhydride grafted polypropylene into the 
matrix. 
It is observed that, calcite particles were distributed in polypropylene matrix and also 
the fracture went through the calcite particle surfaces in Polypropylene composite 
containing 40% CaCO3. The crystallinity temperature was increased due to calcite 
particles were acting as a nucleating agent. In calcite filled composite; density, 
hardness and modulus values were increased but melt flow index, flexural stress and 
especially tensile stress was decreased, also elongation properties were decreased 
because of hindered chain movements but impact resistant properties were not 
affected by the addition of calcite particles. This decrease in tensile was caused by 
lack of interaction with calcite surface to the polypropylene matrix.  
In case of MA-g-PP loading into 40% CaCO3 PP composites, density measurements 
pointed that, density value is first slightly decreasing till 2% MA-g-PP and then 
increasing back to the value in which there is just 40% CaCO3 and 60% 
polypropylene which can explained as at low loading MA-g-PP is increasing 
crystallinity and so decreasing the density slightly. Hardness values of composites 
were not affected too much by addition MA-g-PP, but that increasing trends in 
hardness related with the increase of filler surface and matrix interaction also 
decrease in void or air bubble formation phenomena between filler surface and 
matrix. In melt flow tests, MA-g-PP was acted as a lubricant or plasticizer, because 
of coated calcite particle surfaces facilitate the melt flow. Morphology investigations 
show that; at low loadings of MA-g-PP the surface of calcite particles were not 
covered totally but coating the surface partially. Loadings more then 2% MA-g-PP, 
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the surface of calcite particles almost totally embedded into the polypropylene matrix 
and the fracture were not going through the surface of the particle. 
Tensile stress of composites are increasing with the up to 3 % MA-g-PP that is a 
result of increased interface interaction by the bond formation between filler surface 
and polymeric matrix and due to that bond the stress transferred from polymeric 
matrix to the filler. The reduction trend in strain with respect to increase in MA-g-PP 
loading level is observed; since polymeric matrix is bonded to filler surface chain 
mobility is restricted and. Tensile Young modulus value is increasing up to 1 % MA-
g-PP concentration above the value it seem to be constant and fluctuating. Notched 
Izod impact test results showed that till 3% MA-g-PP loading the composite is 
getting brittle but just after that value impact resistance is increasing. The reduction 
of impact strength up to 3% MA-g-PP supported that increase in bond formation and 
restriction of chain mobility. Above 3% MA-g-PP concentration, impact strength is 
increasing, the optimum amount of MA-g-PP coated the surface of filler and the 
access amount of MA-g-PP can act as a lubricant or plasticizer and so they increase 
the chain mobility. The improvements in Vicat softening point are related to the 
restricted chain movements with respect to the hardness test results. Increasing 
crystallinity temperature showed that the covered filler surface by MA-g-PP can act 
as nucleating agent. 
As a result of this work; loading of CaCO3 into the polypropylene matrix caused 
decrease in mechanical properties due to lack of interface interaction between 
hydrophilic calcite surface and hydrophobic PP such as tensile and flexural stress 
values; with the addition of MA-g-PP up to optimum level (3%), these decreased 
mechanical properties can be improved by improving the filler surface PP matrix 
interaction. The covered particle surfaces can act as a better nucleating agent. The 
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